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(54) ROTARY LASER SYSTEM 

(57) A rotary laser system comprising a body (1), 
and a plurality of object reflectors including a first object 
reflector (2) and a second object reflector (3). The body 
(1) includes a rotating unit for emitting light to the object 
reflectors; a detector for detecting the reflection from the 
object reflectors, the reflection being incident upon the 
body through the rotating unit; and a detecting circuit for 
discriminating the object reflectors depending on the 
output of the detector, so that the location and range to 
be scanned with a laser beam may be determined on 
the basis of the detection result. The reflection surface 
of each object reflector is divided into at least two. The 
marking operation can be accurately carried out by 
reciprocal scanning to confirm the. position to be irradi- 
ated on the first object reflector while confirming the 
scanned position on the second object reflector. The 
dislocation, if any, of the rotary laser system after 
installed can be easily detected and corrected to ensure 
the accuracy in the marking operation. 


FIG.t 
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Description 

FIELD OF THE INVENTION 

The present invention relates to a laser rotary irra- 
diating system for irradiating a laser beam in vertical or 
horizontal directions to scan and for forming a reference 
line or a reference plane. 

BACKGROUND ART 

In the fields of civil engineering and architectural 
engineering, a laser rotary irradiating system for irradi- 
ating a laser beam for rotary scanning has been used to 
form a reference plane or a reference line. The position- 
. ing of a partition to be installed in a building or of lighting 
fixtures such as fluorescent lighting to be mounted on a 
ceiling is performed according to a setting-out line 
marked on a floor, and the position given by the setting- 
out line is determined by projecting it on the surface of 
the ceiling or the wall, etc. by a laser rotary irradiating 
system. The irradiating position of the laser beam is 
confirmed by an object reflector. 

To align a reference plane formed by the laser 
rotary irradiating system with the setting-out line 
marked on the floor, a point vertically under the rotating 
axis of the laser beam of the rotary irradiating system 
main unit is aligned with a first reference point on the 
setting-out line, and the reference plane formed by the 
laser rotary irradiating system is aligned with at least 
one of a second reference point on the setting-out line 
far from the main unit. 

In the conventional type laser rotary irradiating sys- 
tem as described above, after the laser beam reference 
plane formed by the laser rotary irradiating system is 
aligned with the setting-out line, it is not possible to 
detect by the laser rotary irradiating system itself 
whether or not the laser beam reference plane is 
aligned with the setting-out line during positioning oper- 
ation. For this reason, if deviation occurs between the 
laser beam reference plane and the setting-out line, an 
error occurs in the positioning operation. 

To solve the above problem, it is an object of the 
present invention to provide a laser rotary irradiating 
system, by which it is possible to detect by the laser 
rotary irradiating system itself the condition of alignment 
of the laser beam reference plane with the setting-out 
line during operation after the reference plane has been 
aligned with the setting-out line, and to improve reliabil- 
ity of the laser beam reference plane. Also, it is another 
object of the invention to provide a system, by which it is 
possible to reliably detect an object reflector without 
being influenced by eternal disturbance light in the 
detection of the object reflector. 

DISCLOSURE OF THE INVENTION 

The system according to the present invention 
comprises a rotary irradiating system main unit and 


object reflectors including at least a first object reflector 
and a second object reflector, said rotary irradiating sys- 
tem main unit comprises a rotating unit for rotating and 
irradiating an irradiation light beam toward the object 

5 reflectors, detecting means for detecting a reflection 
light beam reflected from the object reflectors and enter- 
ing to the rotary irradiating system main unit via said 
rotating unit, and a reflection light detection circuit for 
identifying the object reflectors from an output of said 

w detecting means, wherein position and range of scan- 
ning by the laser beam are determined based on the 
results of said detection, and each of the reflection sur- 
faces of said object reflectors is divided into at least two 
portions The present invention also provides a laser 

is rotary irradiating system, which comprises a rotary irra- 
diating system main unit and object reflectors including 
at least a first object reflector and a second object 
reflector, said rotary irradiating system main unit com- 
prises a rotating unit for rotating and irradiating a polar- 

20 ized irradiation light beam toward the object reflectors, 
first detecting means for detecting a polarized reflection 
light beam from the object reflectors and entering the 
rotary irradiating system main unit via said rotating unit, 
second detecting means for detecting a polarized light 

25 beam different from said polarized reflection light beam 
from the object reflectors, and a reflection light detection 
circuit for identifying the object reflectors by comparing 
of an output of the first detecting means with an output 
of the second detecting means, wherein a position and 

30 a range of scanning by the laser beam are determined 
based on the results of said detection, each of reflection 
surfaces of said object reflectors is divided into at least 
two sectors, at least one thereof is a polarization main- 
taining reflection sector to reflect as a polarized reflec- 

35 tion light beam, which maintains direction of polarization 
as that of the polarized irradiation light beam, and at 
least other one thereof is a polarization converting 
reflection sector to reflect as a polarized reflection light 
beam, which converts direction of polarization from that 

40 of the polarized irradiation light beam. Further, the 
present invention provides a laser rotary irradiating sys- 
tem, wherein a dividing mode of reflection surfaces is 
different between said first object reflector and said sec- 
ond object reflector. The invention also provides a laser 

45 rotary irradiating system, wherein the irradiation light 
beam irradiated from said rotating unit is a circularly 
polarized light. The invention further provides a laser 
rotary irradiating system, wherein each of said first 
object reflector and said second object reflector has two 

so or more reflection sectors divided, the reflection sectors 
of said first object reflector are arranged at symmetrical 
positions, and shape of the reflection sectors of said 
second object reflector are gradually changed. The 
invention also provides a laser rotary irradiating system, 

55 wherein all of the reflection surfaces of the object reflec- 
tor are retroreflection surfaces. Further, the invention 
provides a laser rotary irradiating system, wherein all of 
the reflection surfaces of the object reflector are A/4 
birefringence reflection surfaces. The invention also 
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provides a laser rotary irradiating system, wherein said 
first object reflector is divided in such manner that there 
is no change in width of the polarization maintaining 
reflection sector and the polarization converting reflec- 
tion sector, and the second object reflector is divided in 5 
such manner that one of width of the polarization main- 
taining reflection sector or the polarization converting 
reflection sector is gradually decreased, and the other 
of width is gradually increased. Further, the invention 
provides a laser rotary irradiating system, wherein said 
first object reflector is divided in such manner that there 
is no change in width of the polarization maintaining 
reflection sector and the polarization converting reflec- 
tion sector, and said second object reflector is divided in 
such manner that shapes of the polarization maintain- 
ing reflection sector and the polarization converting 
reflection sector are symmetrical. Further, the invention 
provides a laser rotary irradiating system, wherein said 
first object reflector is divided in such manner that there 
is no change in width of the polarization maintaining 
reflection sector and the polarization converting reflec- 
tion sector, and the second object reflector is divided in 
such manner that there is change in width of at least 
one of the reflection sector or the polarization convert- 
ing reflection sector, and said second object reflector is 
designed in such shape that there is an extreme value in 
width change. The invention also provides a laser rotary 
irradiating system, wherein said first object reflector is 
provided with a plurality of combined reflection sectors, 
comprising a polarization maintaining reflection sector 
and a polarization converting reflection sector, and the 
combined reflection sectors are separated from each 
other. Further, the invention provides a laser rotary irra- 
diating system, wherein the reflection light detection cir- 
cuit detects widths of the reflection sector and the 
polarization converting reflection sector depending 
upon light receiving time to receive the polarized reflec- 
tion light beam. The invention further provides a laser 
rotary irradiating system, wherein the reflection light 
detection circuit calculates time interval of two signals 
obtained by scanning the object reflector, and a dis- 
tance between the rotary irradiating system main unit 
and the object reflector is calculated based on said time 
interval and on dimensions already known of the object 
reflector corresponding to said two signals. The inven- 
tion also provides a laser rotary irradiating system, 
wherein an encoder for detecting an angle of rotation of 
the rotating unit is provided, and the reflection light 
detection circuit detects widths of the reflection sector 
and the polarization converting reflection sector from 
the angle, at which each polarized reflection light beam 
is obtained, based on signals from said encoder and on 
signals from said first detecting means and said second 
detecting means. Further, the invention provides a laser 
rotary irradiating system, wherein there is provided an 
. encoder for detecting an angle of rotation of the rotating 
unit, the reflection light detection circuit obtains an angle 
of rotation between two signals by said encoder based 
on the two signals obtained by scanning the object 


reflector, and a distance between the rotary irradiating 
system main unit and the object reflector is calculated 
based on said angle of rotation and dimensions already 
known of the object reflector corresponding to said two 
signals. The invention also provides a laser rotary irradi- 
ating system, wherein said first object reflector is 
divided in such manner that there is no change in widths 
of the reflection sector and the non-reflection sector, 
and the second object reflector is divided in such man- 
ner that the shapes of the reflection sector and the non- 
reflection sector are symmetrical. Further, the invention 
provides a laser rotary irradiating system, wherein said 
first object reflector is divided in such manner that there 
is no change in widths of the reflection sector and the 
non-reflection sector, and the second object reflector is 
divided in such manner that there is change in width of 
at least one of the reflection sector and the non-reflec- 
tion sector and at least one of said sectors has a shape 
that there is an extreme value in width change. The 
invention further provides a laser rotary irradiating sys- 
tem, wherein the reflection light detection circuit identi- 
fies the first object reflector and the second object 
reflector, reciprocal scanning is performed on and 
around the first object reflector and scanning position of 
the laser beam is detected from condition of change of 
the reflection laser beam from the second object reflec- 
tor. The invention also provides a laser rotary irradiating 
system, wherein a laser beam irradiating optical system 
of said rotary irradiating system main unit has focusing 
means. Further, the invention provides a laser rotary 
irradiating system, wherein the laser beam irradiating 
optical system of said rotary irradiating system main 
unit has focusing means, and the irradiation light beam 
is focused on the object reflector based on said calcu- 
lated distance to the object reflector. 

The position of the first object reflector is confirmed 
while checking the scanning position of the polarized 
irradiation light beam on the second object reflector, and 
reciprocal scanning is performed by the polarized irradi- 
ation light beam. Thus, setting-out operation can be car- 
ried out at high accuracy, and detection can be 
performed even when positional deviation occurs after 
the laser rotary irradiating system has been installed, 
thus facilitating easy correction and providing high 
accuracy in setting-out operation. Also, by changing 
number and combination of the polarization converting 
reflection sector and the reflection sector, it is possible 
to identify the first object reflector and the second object 
reflector. For the detection of positional deviation, scan- 
ning position signal is detected from the second object 
reflector and is stored, and after reciprocal scanning 
has been performed by the polarized irradiation light 
beam on and around the first object reflector, the scan- 
ning position signal is detected from the second object 
reflector and it is compared with the stored signal, and 
the scanning position with respect to the second object 
reflector can be detected. Or, for the detection of posi- 
tional deviation, the scanning position signal is detected 
from the second object reflector each time a predeter- 
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mined time has elapsed and is stored, and this is com- 
pared with the signal previously detected, and the 
scanning position with respect to the second object 
reflector can be detected. Further, a display unit is pro- 
vided, and by displaying the scanning position on said 5 
display unit, positioning and positional deviation can be 
monitored in easier manner. Or, by monitoring the scan- 
ning position of the polarized reflection light beam with 
respect to the second object reflector based on the 
scanning signal, it is possible to guarantee accuracy of w 
irradiating position of the polarized irradiation light beam 
of the laser rotary irradiating system. Further, visualiz- 
ing property can be improved by focusing the laser 
beam on irradiation surface of the object reflector. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematical drawing of an embodiment 
of the system of the present invention; Fig. 2 is a cross- 
sectional view of a laser rotary irradiating system main 20 
unit; Fig. 3 is a partially enlarged view of an essential 
portion of the embodiment of Fig. 2; Fig. 4 is an arrow 
diagram along the line A-A of Fig. 2; Fig. 5 is an arrow 
diagram along the line B-B of Fig. 2; Fig. 6 is a drawing 
to show basic arrangement of a laser beam projecting 25 
optical system of the laser rotary irradiating system 
main unit; Fig. 7 represents a control block diagram of 
leveling operation of the present embodiment; Fig. 8 is 
a control block diagram of scanning of the present 
embodiment; Fig. 9 represents an electrical and optical 30 
block diagram of the present embodiment; Fig. 10 is a 
block diagram of a reflection light detection circuit of the 
present embodiment; Fig. 1 1 is a perspective view to 
explain a first object reflector; Fig. 12 is a perspective 
view to explain a second object reflector; Fig. 13 repre- 35 
sents signal waveforms on said reflection light detection 
circuit block; Fig. 14 (A) and Fig. 14 (B) each represents 
relationship, between the first object reflector and the 
reflection light receiving signal from the first object 
reflector; Fig. 15 (A) and Fig. 15 (B) each represents 40 
relationship between the second object reflector and the 
reflection light receiving signal from the second object 
reflector; Fig. 16 is a flow chart of processing to detect 
scanning position based on the detection of reflection 
light from the object reflector; Fig. 1 7 is a flow chart of 45 
processing to detect scanning position based on the 
detection of reflection light from the object reflector; Fig. 
1 8 is a perspective view of another example of the sec- 
ond object reflector; Fig. 19 (A) and Fig. 19 (B) each 
represents relationship between said another second so 
object reflector and reflection light receiving signal from 
the second object reflector; Fig. 20 is a perspective view 
of another example of the first object reflector; Fig. 21 
represents relationship between said another first 
object reflector and the reflection light receiving signal 55 
from another first object reflector; Fig. 22 is a control 
block diagram showing another embodiment of the 
present invention; Fig. 23 is a perspective view of a still 
another example of the first object reflector; Fig. 24 (A) 


and Fig. 24 (B) each represents relationship between 
said still another example of the first object reflector and 
the reflection light receiving signal from the first object 
reflector; F\g. 25 is a perspective view of a still another 
example of the second object reflector; Fig. 26 (A) and 
Fig. 26 (B) each represents relationship between said 
still another example of the second object reflector and 
reflection light receiving signal from the second object 
reflector; Fig. 27 is a perspective view of a yet still 
another example of the second object reflector; Fig. 28 
(A) and Fig. 28 (B) each represents relationship 
between said yet still another example of the second 
object reflector and the reflection light receiving signal 
from the second object reflector; and Fig. 29 is a control 
block diagram of a still another embodiment of the 
present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

In the following, description will be given on embod- 
iments of the present invention referring to the drawings. 

Fig. 1 shows a laser rotary, irradiating system 
according to an embodiment of the present invention. 
The laser rotary irradiating system comprises a rotary 
irradiating system main unit 1 , and a first object reflector 
2 and a second object reflector 3 arranged separately 
from said rotary irradiating system main unit 1 . In Fig. 1 , 
reference numeral 4 represents a setting-out line, and 
reference symbol O represents a first reference point on 
the setting-cut line 4. 

First, description will be given on mechanical 
arrangement of the embodiment referring to Fig. 2 to 
Fig. 5. In an optical system in this mechanical arrange- 
ment, a light emitter 1 1 5 and a reflection light detector 
1 1 7 (to be described later) are not shown. 

At the center of a casing 5, a recessed portion 6 in 
shape of truncated cone is formed, and a support seat 
7 is provided at the center of the recessed portion 6. 
The support seat 7 is designed in circular shape and 
has a through-hole 8, and a projection 9 is smoothly 
protruded on a tertiary curved surface at each of three 
positions equally divided on inner periphery of the 
through-hole 8. 

A laser projector 10 for emitting laser beam is 
placed into the through-hole 8, and a head 11 of the 
laser projector 10 is engaged with and supported by the 
support seat 7. The head 11 has its lower portion 
designed in spherical surface, and a spherical unit 1 1 a 
is abutted on each of three projections 9. The laser pro- 
jector 1 0 is supported in such manner that it can be 
freely tilted in any direction with respect to the vertical 
line. The head 11 is provided with a motor seat 14, on 
which a scanning motor 1 5 is mounted, and a driving 
gear 16 is engaged on an output shaft of the scanning 
motor 15. The driving gear 16 is engaged with a scan- 
ning gear 1 7 (described later). 

The laser projector 10 is designed in a hollow struc- 
ture with a hollow portion running in a vertical direction, 
and a laser beam projecting optical system 67 shown in 
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Fig. 6 is accommodated in the hollow portion. 

In the hollow portion, an internal 59 is slidably 
engaged, and an objective lens 55 is mounted in the 
internal 59 in such manner that its optical axis is aligned 
with the axis of the laser projector 10. A half-prism 52 is 
arranged under the objective lens 55 and is aligned with 
the optical axis of the objective lens 55, and a laser 
diode 50 for emitting visible laser beam is arranged at a 
position on one side of the half-prism 52. A condenser 
lens 51 is arranged between the laser diode 50 and the 
half -prism 52. At a position on the other side of the half- 
prism 52 and opposite to the condenser lens 51 , a con- 
cave mirror 53 is placed. A lower condenser lens 54 is 
arranged under the half-prism 52 and is aligned with the 
optical axis of the objective lens 55. 

The laser beam emitted from the laser diode 50 is 
split by the half-prism 52 into an upper vertical laser 
beam advancing in an upward direction and a transmit- 
ting laser beam. The upper vertical laser beam passes 
through the objective lens 55 and is irradiated. The 
transmitting laser beam is reflected by the concave mir- 
ror 53 and is further reflected in a downward direction by 
the half -prism 52, and after passing through the lower 
condenser lens 54, it is irradiated as a lower vertical 
laser beam. 

An adjusting arm 68 is extended from the internal 
59 through the laser projector 10 and is connected to a 
focusing nut 60, which is screwed on a focusing adjust- 
ment screw 61 (to be described later). Bridging between 
upper and lower intermediate base plates 69 and 70 
arranged at lateral positions of the laser projector 10, 
the focusing adjustment screw 61 is rotatably mounted 
in parallel to the laser projector 1 0, and a driven gear 62 
is engaged with one end of the focusing adjustment 
screw 61 . A focusing motor 64 is mounted on the inter- 
mediate base plate 70, and a focusing gear 63 placed 
on an output shaft of the focusing motor 64 is engaged 
with the driven gear 62. 

When the focusing gear 63 is driven, the focusing 
adjustment screw 61 is rotated, and the focusing nut 60 
is moved up and down. The movement upward or down- 
ward is transmitted to the internal 59 via the adjusting 
arm 68, and focusing condition of a laser beam from the 
laser diode 50 is adjusted. 

On the head 1 1 of the laser projector 1 0, a rotation 
support member 13 is rotatably mounted via a bearing 
12 in such manner that the rotation support member 13 
is aligned with the axis of the laser projector 10. The 
scanning gear 1 7 is engaged with the rotation support 
member 13, and the driving gear 16 is engaged with the 
scanning gear 17 as described above so that the rota- 
tion support member 13 can be rotated around the ver- 
tical axis by the scanning motor 15. 

On the lower surface of the scanning motor 15, an 
angle detection pattern (not shown) is provided, which 
has a reflection pattern to reflect light and a non-reflecr 
tion pattern not reflecting light provided on the same cir- 
cumference alternately and with equal pitch. On the 
motor seat 1 4, a light projector/receiver 72 is mounted 


at a position opposite to the angle detection pattern. 
Light is projected from the light projector/receiver 72 to 
the angle detection pattern, and the reflection light from 
the angle detection pattern is received. As a result, a 

s rotation angle and a rotating speed of the rotation sup- 
port member 13 can be detected. 

In the rotation support member 13, there are pro- 
vided a pentagonal half-mirror 56 for splitting the upper 
vertical laser beam jnto a transmission light and a 

10 reflection light and a pentagonal mirror 57 to reflect the 
reflection laser beam from the pentagonal half-mirror 56 
in a horizontal direction. The laser beam irradiated from 
the laser projector 10 is irradiated in a horizontal direc- 
tion through a projection window 19, and the laser beam 

15 passing through the pentagonal half-mirror 56 is irradi- 
ated upwardly as an upper vertical laser beam. In case 
it is hot necessary to irradiate the laser beam upwardly, 
the pentagonal half-mirror 56 and the pentagonal mirror 
57 may be replaced with one pentagonal prism. 

20 Level sensors 20 and 21 for detecting a horizontal 
position are provided on the lower portion of the laser 
projector 10. A holding arm 71 extending in a lateral 
direction from the laser projector 10 is arranged, and a 
vertical tilt sensor 65 is mounted on the tip of the holding 

25 arm 71 . The vertical tilt sensor 65 is arranged in parallel 
to the optical axis of the laser beam projecting optical 
system 67 of the laser projector 10. 

A tilt detecting member 23 is fixed on the lower end 
of the laser projector 10, and the tilt detecting member 

30 23 is designed in form of an inverted cup and comprises 
a reflection mirror flange 22 on its periphery. On the bot- 
tom of the casing 5 and at positions opposite to the tilt 
detecting member 23, optical sensors 24a, 24b, 24c, 
and 24d comprising a given number (4 in the present 

35 embodiment) of light emitting elements and photodetec- 
tor elements are arranged on the same circumference 
and around the axis of the laser projector 10 when the 
casing 5 and the laser projector 10 are at the vertical 
position. . 

40 In case the laser projector 10 is extensively tilted, 
the light beams coming from the optical sensors 24a, 
24b, 24c, and 24d are reflected by the reflection mirror 
flange 22 and are sensed by the optical sensors 24a, 
24b, 24c and 24d, and the extensive tilting of the laser 

45 projector 10 is detected. 

From the head 1 1 of the laser projector 10, tilting 
arms 25 and 26 crossing each other perpendicularly are 
extended in a horizontal direction. Penetrating the coni- 
cal surface of the recessed portion 6, these arms are 

so positioned inside the casing 5, and engaging pins 27 
and 28 are arranged on the tip of each of the tilting arms 
25 and 26. The engaging pins 27 and 28 are designed 
in cylindrical shape, and the axes of the cylindrical pins 
cross each other perpendicularly and are positioned in 

55 such manner that these axes are included in a plane, 
which passes through the spherical center of the spher- 
ical unit 11a. One of the engaging pins 27 and 28, e.g. 
the engaging pin 27 is restricted to horizontal move- 
ment and it is movable only in a vertical direction. 


5 


9 


EP0 806 630A1 


10 


Although not shown in the figure, there may be provided 
such means that the engaging pin 27 is siidably 
engaged in a guide groove extending in a vertical direc- 
tion or that the engaging pin 27 may be siidably pressed 
against a wail surface extending in a vertical direction by 5 
resilient means such as a spring. 

On the inner wall of the casing 5, shelf plates 29 
and 30 are provided, and a level adjusting motor 31 is 
mounted on the shelf plate 29, and a level adjusting 
motor 32 is mounted on the shelf plate 30. A driving 
gear 33 is engaged on a rotation shaft of the level 
adjusting motor 31 , and a driving gear 34 is mounted on 
a rotation shaft of the level adjusting motor 32. A screw 
shaft 35 crossing the engaging pin 27 perpendicularly 
and bridging between the ceiling of the casing 5 and the 
shelf plate 29 is rotatably mounted. A driven gear 36 is 
mounted on the screw shaft 35 and is engaged with the 
driving gear 33. A slide nut 37 is screwed on the screw 
shaft 35, and a pin 38 is mounted on and is protruded 
from the slide nut 37. The pin 38 and the engaging pin 

27 are siidably abutted on each other. 

Similarly, a screw shaft 39 crossing the engaging 
pin 28 perpendicularly and bridging between the ceiling 
of the casing 5 and the shelf plate 30 is rotatably 
mounted. A driven gear 40 is mounted on the screw 
shaft 39, and the driven gear 40 is engaged with the 
driving gear 34. A slide nut 41 is screwed on the screw 
shaft 39, and a pin 42 is mounted on the slide nut 41 as 
it protrudes from it, and the pin 42 and the engaging pin 

28 are siidably abutted on each other. 

A spring receptacle 43 is provided on the ceiling of 
the casing 5 and between the screw shaft 35 and the 
screw shaft 39, and a spring 44 is stretched between 
the spring receptacle 43 and the laser projector 10. The 
spring 44 pushes the laser projector 10 clockwise 
around the support seat 7 as shown in Fig. 2. 

In the figure, reference numeral 45 represents a 
battery box for accommodating a battery to drive the 
laser rotary irradiating system. The main unit of the 
laser rotary irradiating system as described above is 
placed on a tripod (not shown) via bolts 46 for leveling. 
Reference numeral 47 represents a glass window 
placed around the rotation support member 13, and 58 
represents a ceiling window glass, which allows the 
upper vertical laser beam to pass. 

The laser rotary irradiating system of the present 
embodiment can be used in both vertical position and 
horizontal position (the position of the system when it is 
laid down in a leftward direction from the position shown 
in Fig. 2). At the horizontal position, at least three auxil- 
iary legs 66 arranged on sides of the casing 5 support 
the laser rotary irradiating system, and at least one of 
them can be adjusted in height. 

Next, Fig. 7 shows a control unit for adjusting verti- 
cal position of the laser rotary irradiating system of the 
present embodiment. 

The results .of the detection by the level sensors 20 
and 21 are inputted to a leveling control unit 91 via a 
switching unit 90 (to be described later) respectively. 


After being inputted to the leveling control unit 91, 
detection results of the level sensors 20 and 21 are 
inputted to angle detection circuits 106 and 107. In the 
angle detection circuits 106 and 107, a reference angle 
105 (normally, the reference plane is horizontal, and the 
reference angle is 0°) is set. In the angle detection cir- 
cuits 106 and 107, angular deviation is calculated based 
on the reference angle 105. The angular deviation thus 
calculated is inputted to a motor controllers 1 08 and 109 
respectively. The motor controllers 108 and 109 drive 
the level adjusting motors 31 and 32 respectively so that 
the deviation is turned to 0. 

The values of angular deviation of the angle detec- 
tion circuits 106 and 107 are inputted to a discriminator 
110, and the discriminator 110 selects one of the angu- 
lar deviations of the angle detection circuits 106 or 107, 
whichever is greater. An output corresponding to the 
change of the selected angular deviation is outputted to 
a display unit driver 1 1 1 , and the display unit driver 1 1 1 
displays a value corresponding to the value of deviation 
on a display unit 1 1 2. 

In the following, description will be given on leveling 
operation of the laser rotary irradiating system. 

When the rotary irradiating system main unit 1 is 
installed and is not yet adjusted, the axis of the laser 
projector 10 is generally not aligned with the vertical 
line, and the level sensors 20 and 21 are not in a hori- 
zontal position. If it is supposed that the reference angle 
105 is 0°, an angular deviation signal is outputted from 
the angle detection circuits 106 and 107. When the 
angular deviation signal is outputted, the motor control- 
lers 108 and 109 drive the level adjusting motors 31 and 
32 in a suitable direction so that the angular deviation 
signal is turned to 0. 

The operation of the level adjusting motors 31 and 
32 is described now, taking an example on the level 
adjusting motor 31. 

When the level adjusting motor 31 is driven, rotation 
of the level adjusting motor 31 is transmitted to the 
screw shaft 35 via the driving gear 33 and the driven 
gear 36, and the slide nut 37 is moved up or down as the 
screw shaft 35 is rotated. Upward or downward move- 
ment of the slide nut 37 is transmitted to the tilting arm 
25 via the pin 38 and the engaging pin 27, and the laser 
projector 10 is tilted. 

As described above, the engaging pin 27 is mova- 
ble only in a vertical direction since horizontal move- 
ment is restricted, and a tilting direction of the laser 
projector 10 is thus restricted, and it is tilted around the 
axis of the engaging pin 28 passing through the spheri- 
cal center of the spherical unit 11a. Next, when the level 
adjusting motor 32 is driven, the screw shaft 39 is 
rotated, and the engaging pin 28 is moved up or down 
via the pin 42. 

Horizontal movement of the engaging pin 27 is 
restricted by a groove (not shown) and vertical move- 
ment is restricted by the pin 38 and the spring 44. As a 
result, only the movement to rotate around the axis of 
the engaging pin 27, passing through the center of the 
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spherical unit 1 1 , is allowed to the engaging pin 27. 
When the pin 42 is moved up or down, changing move- 
ment in a vertical direction is given to the engaging pin 
28 as it slides between the pin 42 and the engaging pin 
28 in an axial direction. Then, the laser projector 10 is 
tilted around the axis of the engaging pin 27. Because 
the engaging pin 27 has a circular cross-section as 
described above, the tilting of the axis of the engaging 
pin 27 undergoes no change even when the engaging 
pin 27 is rotated. That is, tilting operation of the level 
adjusting motors 31 and 32 does not exert influence on 
the other tilting of axes of the engaging pins 27 and 28. 
Therefore, a tilt adjusting operation of one shaft can be 
independently performed from the tilt adjusting opera- 
tion of the other shaft. As a result, the tilt adjusting oper- 
ation and a control sequence relating to the tilt adjusting 
operation can be extremely simplified. 

The laser projector 10 is pushed clockwise in Fig. 2 
by the spring 44, and the laser projector 10 accurately 
follows the movement of the slide nut 37. 

In the tilting operation of the laser projector 10, the 
laser projector 10 is stably supported and is not shaky 
because the spherical unit 1 1a of the laser projector 10 
is supported at three points by the projections 9. 
Because it is the contact between the spherical unit 1 1 a 
and the smooth curved surfaces of the projections 9, the 
laser projector 10 can be moved smoothly and freely in 
any tilting direction, and the position of the laser projec- 
tor 10 can be easily adjusted. 

When the laser projector 10 is tilted and leveling 
operation proceeds, detection values from the level sen- 
sors 20 and 21 are also turned to closer to a horizontal 
position. Finally, the angular deviations outputted by the 
angle detection circuits 106 and 107 are turned to 0, 
and the leveling operation is completed. 

The level sensors 20 and 21 have narrow detection 
range. If a predetermined range is exceeded, it is turned 
to a saturated state, and the value of tilt angle cannot be 
detected although a tilting direction can be detected. 
Accordingly, the optical sensors 24a, 24b, 24c and 24d 
are provided so that an adjusting mechanism, which 
comprises the level adjusting motors 31 and 32, the 
driving gears 33 and 34, the driven gears 36 and 40, the' 
screw shafts 35 and 39, the slide nuts 37 and 41, the 
titling arms 25 and 26, etc., is not operated beyond the 
mechanical adjustment range. Specifically, when the 
limit of the mechanical adjustment is reached, a light 
irradiated from one of the optical sensors 24a, 24b, 24c 
and 24d is reflected by the reflection mirror flange 22 
and is received by the optical sensors, and it is detected 
that the limit of the mechanical adjustment range is 
reached. Then, the level adjusting motors 31 and 32 are 
stopped or it is displayed on the display unit that the limit 
of the mechanical range has been reached, or alarm by 
buzzer is issued. 

When the above condition occurs, a rough adjust- 
ment is performed to be within the adjustment range 
using the leveling bolts 46, and the leveling operation is 
started again. 


When the leveling operation is completed, a laser 
beam is irradiated from the laser projector 1 0. Further, 
the scanning motor 15 is driven and the laser projector 
10 is rotated around the vertical axis.' A laser beam is 

5 irradiated in a horizontal direction from the pentagonal 
mirror 57 and is rotated. Thus, a horizontal reference 
plane is formed by the laser beam. 

The laser beam is irradiated as parallel beams 
unless specified otherwise. In order to have a more 

10 accurate projecting position on a projection surface, e.g. 
on the wall surface where a first object reflector is 
placed, the laser beam may be focused on the projec- 
tion surface. The focusing motor 64 is driven and the 
focusing adjustment screw 61 is rotated via the focusing 

is gear 63 and the driven gear 62. The internal 59 is slid 
together with the focusing nut 60 to change position of 
the objective lens 55, and the laser beam is-focused on 
or near the object reflector. Based on the photodetec- 
tion signal when the object reflector is scanned and on 

20 the output of an encoder 129 (to be described later) at 
that moment, the angle between the first object reflector 
2 and the second object reflector 3 (angle between ends 
of the reflectors) can be calculated (See Fig. 9). 
Because dimensions of the first object reflector 2 and 

25 the second object reflector 3 are already known, a dis- 
tance from the rotary irradiating system main unit 1 to 
the first object reflector 2 or to the second object reflec- 
tor 3 can be calculated. If an mount of movement of the 
internal 59 is associated with the focusing distance, the 

30 irradiated laser beam can be focused on the object 
reflectors 2 and 3. By focusing the laser beam on the 
object reflectors 2 and 3, luminance is increased, and 
visibility is improved. 

At the same time with the formation of the horizon- 

35 tal reference plane by the laser beam, upper and lower 
vertical laser beams are irradiated, and a point of the 
ceiling surface on a vertical line to match a predeter- 
mined point of the floor surface can be easily obtained. 
As described above, the laser rotary irradiating sys- 

40 tern of the present embodiment can be used both at a 
vertical position and at a horizontal position. In case it is 
used at a vertical position (the position shown in Fig. 2), 
it is necessary to neglect signals of the vertical tilt sen- 
sor 65. In case it is used at a horizontal position, it is 

45 necessary to neglect signals from the level sensors 20 
and 21. Further, leveling operation control is not 
required at a horizontal position. Accordingly, it is so 
arranged that control functions are switched over 
between the cases where it is used at a vertical position 

so and at a horizontal position. Description will be given on 
the switching of the control functions referring to Fig. 8. 

By a mercury switch 89 arranged at a suitable posi- 
tion on the laser rotary irradiating system, horizontal 
and vertical conditions of the laser rotary irradiating sys- 

55 tern are detected, and the results of detection by the 
mercury switch 89 are inputted to a microcomputer 76. 

As described above, signals from the level sensor 
20 and the vertical tilt sensor 65 are inputted to the lev- 
eling control unit 91 via the switching unit 90, and the 


7 


13 


EP 0 806 630 A1 


14 


level adjusting motor 32 is controlled by the leveling 
control unit 91 . Signal from the level sensor 21 is input- 
ted to a tilt control unit 93 and the leveling control unit 91 
via a switching unit 92, and the level adjusting motor 31 
is driven and controlled by the tilt control unit 93 or the 5 
leveling control unit 91 . 

An input 83 is connected to the microcomputer 76. 
To input to the microcomputer 76, a manual switch 94 
for turning on or off the automatic leveling function and 
a tilt input switch 95 for tilting the laser projector 10 are 
used. The mode of the input is switched over by an 
operation unit 84 or a remote controller 87 (not shown). 

When the laser rotary irradiating system is at a ver- 
tical position, the mercury switch 89 detects a vertical 
condition of a surveying instrument and the result is 
inputted to the microcomputer 76. The microcomputer 
76 issues switching signals to the switching units 90 and 
92, and the signal from the vertical tilt sensor 65 is 
neglected. The signals from the level sensors 20 and 21 
are inputted to the leveling control unit 91 so that a lev- 
eling operation can be performed. 

When the laser rotary irradiating system is placed 
at horizontal position and is supported by the auxiliary 
legs 66, the mercury switch 89 detects a horizontal con- 
dition of the laser rotary irradiating system, and the 
result is inputted to the microcomputer 76. The micro- 
computer 76 issues switching signals to the switching, 
units 90 and 92, the signal from the vertical tilt sensor 
65 for vertical position is inputted to the leveling control 
unit 91 , and a leveling operation can be performed. It 
should be so arranged that signals from the level sen- 
sors 20 and 21 are not inputted to the leveling control 
unit 91 . 

Under the above condition, the laser beam is stand- 
ard laser beam, irradiating upper and lower vertical 
laser beams in horizontal directions. By rotating the 
scanning motor 15, it is possible to form a reference 
plane on a vertical plane. Further, horizontality of the 
upper and lower vertical laser beams can be adjusted 
by driving the level adjusting motor 31 using the vertical 
tilt sensor 65. 

, In case an input to tilt the laser projector 1 0 is given 
by the tilt input switch 95 regardless of whether the laser 
rotary irradiating system is at horizontal position or at 
vertical position, a switching signal is issued to the 
switching unit 92 via the microcomputer 76. Neglecting 
the level sensor 21 , the level adjusting motor 31 is oper- 
ated via the tilt control unit 93, and the laser projector 1 0 
is tilted. 

The condition shown in Fig. 1 is the condition where 
the laser rotary irradiating system is installed at horizon- 
tal position, and the reference plane formed by the laser 
beam is a vertical plane. When the level adjusting motor 
32 is driven at horizontal position and the laser projector 
1 0 is moved along the horizontal plane via the tilting arm 
26, it is possible to change a direction of the reference 
plane while maintaining verticality of the reference 
plane. 

Next, description will be given on optical and electri- 


cal arrangement of the rotary irradiating system main 
unit 1 referring to Fig. 9 to Fig. 16. 

In the figures, the same component as shown in 
Fig. 3 is referred by the same symbol. The rotary irradi- 
ating system main unit 1 comprises a light emitter 1 1 5, 
a rotating unit 1 16, a reflection light detector 1 17, a con- 
trol unit (CPU) 118, a light emitting element driving unit 
1 19, a motor driving unit 120, and a display unit 121 . In 
Fig. 9, a pentagonal prism 1 14 is shown instead of the 
pentagonal half-mirror 56 and the pentagonal mirror 57. 

Description is now given on the light emitter 1 1 5. 

On the optical axis of a laser diode 125, which emits 
a linearly polarized irradiation light beam, a collimator 
lens 126, a first A/4 birefringence member 127, and a 
perforated mirror 128 are arranged in this order as seen 
from the laser diode 125. The linearly polarized irradia- 
tion light beam emitted from the laser diode 125 is 
turned to parallel beams by the collimator lens 126 and 
is converted to a circularly polarized light by the first A/4 
birefringence member 127. The circularly polarized irra- 
diation light beam passes through the perforated mirror 
128 and is irradiated to the rotating unit 1 16. 

The rotating unit 1 16 deflects an optical axis of the 
polarized irradiation light beam emitted from the light 
emitter 115 by 90° and irradiates it for scanning. The 
pentagonal prism 114 for deflecting an optical axis of 
the polarized irradiation light beam from the light emitter 
1 15 by 90° is provided on the rotation support member 
13, which is rotated around the optical axis of the polar- 
ized irradiation light beam. The rotation support mem- 
ber 13 is connected to the scanning motor 15 via the 
scanning gear 17 and the driving gear 16. The rotating 
condition of the rotation support member 13 is detected 
by an encoder 129, and a detection signal of the 
encoder 1 29 is inputted to the control unit (CPU) 118. 

It is arranged that the polarized reflection light 
beams from the first object reflector 2 and the second 
object reflector 3 are irradiated to the rotating unit 116. 
The polarized reflection light beam entering the pentag- 
onal prism 114 is deflected toward the perforated mirror 
128, and the polarized reflection light beam is reflected 
by the perforated mirror 128 to the reflection tight detec- 
tion unit 117. 

Next, description will be given on the reflection light 
detection unit 117. 

On the reflection light optical axis of the perforated 
mirror 128, a condenser jens 130, a second A/4 birefrin- 
gence member 131, a pinhole 132, a polarization beam 
splitter 133, and a first photoelectric converter 134 are 
arranged in this order as seen from the perforated mirror 
128, and a second photoelectric converter 135 is 
arranged on a reflection light optical axis of the polariza- 
tion beam splitter 133. Outputs from the first photoelec- 
tric converter 134 and the second photoelectric 
converter 135 are inputted to a reflection light detection 
circuit 136. 

The polarization beam splitter 133 splits the polar- 
ized reflection light beam entering the reflection light 
detecting unit 117 and irradiates the beams to the first 
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photoelectric converter 134 and the second photoelec- 
tric converter 135. The second A/4 birefringence mem- 
ber 131 and the polarization beam splitter 133 are 
arranged in such manner that the light beam having the 
same direction of polarization as that of the polarized 5 
reflection light beam, as emitted from the light emitter 
1 15 and returning to the main unit after passing through 
the A/4 birefringence member twice, enters the first pho- 
toelectric converter 134, and that the polarized reflec- 
tion light beam returning to the main unit with the same 
direction of polarization as that of the polarized irradia- 
tion light beam emitted from the light emitter 1 1 5 enters 
the second photoelectric converter 135. 

An example of the reflection light detection circuit 
136 is described referring to Fig. 10. 

Outputs from the first photoelectric converter 134 
and the second photoelectric converter 135 are inputted 
to a differential amplifier 139 via amplifiers 137 and 138. 
Output of the differential amplifier 139 is inputted to a 
differential amplifier 141 via a synchronous detector 
140. Output of the differential amplifier 141 is inputted to 
the control unit (CPU) 118. 

The reflection light detection circuit 136 is provided 
with an oscillator 142. The oscillator 142 outputs a clock 
signal necessary for synchronous detection to the syn- 
chronous detector 1 40 and also issues a clock signal for 
pulse modulation of the laser diode 125 to the light emit- 
ting element driving unit 119. 

Next, description will be given on the control unit 
(CPU) 118. 

To the control unit (CPU) 118, signals from the 
encoder 129 and the reflection light detection unit 117 
are inputted. Positions of the first object reflector 2 and 
the second object reflector 3 as well as widths of a 
polarization converting reflection sector (to be 
described later) and a reflection sector (to be described 
later) are detected, and the rotating unit 116 is rotated 
and controlled via the motor driving unit 120. From the 
relationship of the widths of a polarization converting 
reflector sector (to be described later) and a reflection 
sector (to be described later) of the second object 
reflector 3, the polarized irradiation light beam detects a 
position of scanning on the second object reflector 3 as 
a scanning position signal. Based on the scanning posi- 
tion signal, the position of scanning on the second 
object reflector 3 is displayed on the display unit 121. 
Light emitting status of the laser diode 125 is controlled 
via the light emitting element driving unit 119 according 
to rotating status of the rotating unit. 

Next, description will be given on the light emitting 
element driving unit 1 1 9. 

The light emitting element driving unit 119 obtains 
the clock signal for pulse modulation from the reflection 
light detection circuit 136 and performs pulse modula- 
tion of the polarized irradiation light beam emitted from 
the laser diode 125. By pulse modulation, it is possible 
to easily amplify photodetection signal and to decrease 
noise level. 

Next, the motor driving unit 120 will be described. 


Based on a rotating direction signal from the control 
unit 118, the motor driving unit 120 rotates and controls 
the scanning motor 15 of the rotating unit 1 16 and con- 
trols scanning of the polarized irradiation light beam. 

Next, description will be given on the display unit 

121. 

The display unit 121 displays a position of scanning 
on the second object reflector 3 based on a scanning 
position signal from the control unit 118. 

Next, description will be given on the first object 
reflector 2 referring to Fig. 11. 

A reflection layer 1 44 is formed on a base plate 1 43. 
A A/4 birefringence member 145 is attached on left half 
of the base plate in the figure. Thus, an exposed portion 
of the reflection layer 144 serves as a polarization main- 
taining reflection sector 144a, which reflects a light 
while maintaining the direction of polarization of the inci- 
dent light beam, and a portion where the A/4 birefrin- 
gence member 145 is attached serves as a polarization 
converting reflection sector 145a, which reflects a light 
by converting the direction of polarization of the incident 
light beam. Width of each of the polarization maintain- 
ing reflection sector 144a and the polarization convert- 
ing reflection sector 145a are kept at a constant value. 
The reflection layer 144 consists of a retroref lection 
material and comprises a plurality of fine corner cubes 
or spherical reflectors, etc. The reflection surface where 
the A/4 birefringence member 145 is attached exerts 
such action that a phase difference of A/2 is generated 
by the polarized reflection light beam with respect to the 
incident light beam. Therefore, the reflection light beam 
passes through the A/4 birefringence member 1 45 twice 
with respect to' the incident light beam. When a circu- 
larly polarized light enters, the reflection light is turned 
to a circularly polarized light with reversal rotation, and 
when a linearly polarized light enters, the reflection light 
has a polarization plane perpendicular to the incident 
light. 

Next, description will be given on the second object 
reflector referring to Fig. 12. 

A reflection layer 1 47 is formed on a base plate 1 46. 
The reflection surface is divided into two portions along 
a diagonal line running from right upper corner to left 
lower corner in the figure, and a A/4 birefringence mem- 
ber 1 48 is attached on right half of the reflection surface. 
Thus, an exposed portion of the reflection layer 147 on 
left half serves as a polarization maintaining reflection 
sector 147a, which reflects a light beam while maintain 1 
ing the direction of polarization of the incident light 
beam, and a portion of right half of the reflection surface 
where the A/4 birefringence member 148 is attached 
serves as a polarization converting reflection sector 
148a, which reflects a light beam while converting the 
direction of polarization with respect to the incident light 
beam. Widths of the polarization maintaining reflection 
sector 147a and the polarization converting reflection 
sector 148a are kept in a predetermined relationship, 
e.g. it is arranged in such manner that a width of the 
polarization maintaining reflection sector 147a is line- 
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arly decreased from below toward above, and a width of 
the polarization converting reflection sector 148a is line- 
arly increased. In Fig. 12, the polarization maintaining 
reflection sector 147a and the polarization converting 
reflection sector 148a are divided by a diagonal line on 5 
the reflection layer 147, but it is not limited to this. The 
reflection layer 1 47 consists of a retroref lection material 
and comprises a plurality of fine corner cubes or spher- 
ical reflectors, etc. As described above, the A/4 birefrin- 
gence member 148 exerts such action that a phase w 
difference of A/2 is generated by the polarized reflection 
light beam with respect to the incident light beam. 

In the following, description will be given on opera- 
tion and detecting method of the first object reflector 2 
and the second object reflector 3. 15 

The polarized irradiation light beam emitted from 
the laser diode 125, which is driven by the light emitting 
element driving unit 1 19, is modulated based on a clock 
signal from the oscillator 142. A linearly polarized irradi- 
ation light beam emitted from the laser diode 125 is 20 
turned to parallel beams by the collimator lens 126 and 
is further turned to a circularly polarized irradiation light 
beam after passing through the first A/4 birefringence 
member 127. The circularly polarized irradiation light 
beam passes through the perforated mirror 128, is 25 
deflected by 90° by the pentagonal prism 114, and is 
irradiated from the rotary irradiating system main unit 1 . 

The pentagonal prism 1 14 is rotated by the scan- 
ning motor 15 via the driving gear 16 and the scanning 
gear 17. At first, the pentagonal prism 114 is rotated 30 
over total circumference. Thus, the polarized irradiation 
light beam irradiated from the pentagonal prism 1 1 4 
scans over total circumference. 

When the polarized irradiation light beam scans the 
first object reflector 2 or the second object reflector 3 by 35 
total circumferential or all-round scanning, the polarized 
reflection light beam is reflected from the first object 
reflector 2 or the second object reflector 3, and the 
polarized reflection light beam enters the pentagonal 
prism 114. 40 

As described above, the first object reflector 2 and 
the second object reflector 3 comprises the polarization 
maintaining reflection sectors 144a and 147a and the 
polarization converting reflection sectors 145a and 
148a respectively. The polarized reflection light beam 45 
reflected by the polarization maintaining reflection sec- 
tors 144a and 147a is circularly polarized light, which 
maintains polarization conditions of the incident polar- 
ized irradiation light beam, and the polarized reflection 
light beam reflected by the polarization converting so 
reflection sectors 145a and 148a is circularly polarized 
light with a phase deviated by A/2 with respect to polari- 
zation conditions of the incident polarization irradiation 
light beam. 

The polarized reflection light beam reflected by the ss 
first object reflector 2 or by the second object reflector 3 
is deflected by 90° by the pentagonal prism 114 and 
enters the perforated mirror 1 28. The perforated mirror 
128 reflects the reflection light beam toward the con- 


denser lens 130. The condenser lens 130 turns the 
reflection light beam to a convergent light and irradiates 
it to the second A/4 birefringence member 131 . Return- 
ing as a circularly polarized light, the polarized reflection 
light beam is converted to a linearly polarized light by 
the second A/4 birefringence member 131 and enters 
the pinhole 132. As described above, the phase of the 
polarized reflection light beam reflected by the polariza- 
tion maintaining reflector sectors 144a and 147a is dif- 
ferent from the phase of the polarized reflection light 
beam reflected by the polarization converting reflection 
sectors 145a and 148a by A/2. Therefore, the two polar- 
ized reflection light beams converted to a linearly polar- 
ized light by the second A/4 birefringence member 131 
are different from each other by 90° in a polarization 
plane. 

The pinhole 132 has such function that the reflec- 
tion light beam, which has an optical axis deviated to 
that of the polarized irradiation light beam emitted from 
the main unit and not correctly directed (i.e. the reflec- 
tion light beam coming from an unnecessary reflector 
other than the first object reflector 2 and the second 
object reflector 3), does not enter the first photoelectric 
converter 134 and the second photoelectric converter 
135. After passing through the pinhole 132, the polar- 
ized reflection light beam enters the polarization beam 
splitter 133. 

The polarization beam splitter 133 splits the light 
beam into polarized components crossing perpendicu- 
larly each other. It allows the polarized reflection light 
beam which is to pass, similar to the polarized irradia- 
tion light beam emitted from the laser diode 125 (with 
direction of polarization deviated by 180°), and it reflects 
the polarized reflection light beam, which has a direction 
of polarization deviated by 90° from that of the polarized 
irradiation light beam emitted from the laser diode 125. 
The first photoelectric converter 134 and the second 
photoelectric converter 135 receive the split polarized 
reflection light beams respectively. 

Light receiving conditions of the first photoelectric 
converter 1 34 and the second photoelectric converter 
135 are as follows: When the polarized reflection light 
beam reflected by the polarization converting reflection 
sector of the first object reflector 2 or the second object 
reflector 3 enters the reflection light detection unit 1 1 7, 
the amount of light entering the photoelectric converter 
134 is more than the amount of light entering the sec- 
ond photoelectric converter 1 35 because of the relation- 
ship between the second A/4 birefringence member 131 
and the polarization beam splitter 133. As a result, 
when the polarized reflection light beam reflected by the 
polarization maintaining reflection sector of the first 
object reflector 2 or the second object reflector 3 or by 
an unnecessary reflector enters the reflection light 
detection unit 117, the amount of light entering the sec- 
ond photoelectric converter 135 is more than the 
amount of light entering the first photoelectric converter 
134. 

Therefore, by finding the difference of the polarized 
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reflection light beams to the first photoelectric converter 
134 and the second photoelectric converter 135, it is 
possible to identify whether the incident polarized 
reflection light beam has been reflected by the polariza- 
tion maintaining reflection sector of the first object 5 
reflector 2 or the second object reflector 3 or it has been 
reflected by the polarization converting reflection sector. 

Further, detailed description will be given referring 
to Fig. 13. 

In case of the polarized reflection light beam 10 
reflected by the polarization converting reflection sector 
of the first object reflector 2 or the second object reflec- 
tor 3, the amount of light entering the first photoelectric 
converter 134 is more than the amount of light entering 
the second photoelectric converter 1 35. Signals in such is 
case are shown in "a" and "b" of Fig. 13. The signals 
from the photoelectric converters 134 and 135 are 
amplified by the amplifiers 137 and 138, and the differ- 
ence of signals is obtained by the differential amplifier 
139. The signal in this case is shown in Fig. 13 V. 20 
When an output signal of the differential amplifier 1 39 is 
checked by synchronous detection at a clock 1 from the 
oscillator 142, a positive voltage (shown in n d" of Fig. 
13) to a bias voltage is obtained. When checked by syn- 
chronous detection at a clock 2, a negative voltage 25 
(shown by "e" in Fig. 13) to a bias voltage is obtained. 
By taking a difference from the signal obtained by syn- 
chronous detection (d - e), a positive voltage (shown by 
T in Fig. 13) to a bias voltage is obtained in the output 
of the differential amplifier 141. 30 

In case of the polarized reflection light beam 
reflected by the polarization maintaining reflection sec- 
tor of the first object reflector 2 or the second object 
reflector 3, the amount of light entering the second pho- 
toelectric converter 135 is more than the amount of light 35 
entering the first photoelectric converter 134. The sig- 
nals in this case are shown by "g" and "h" of Fig. 13. The 
signals from the photoelectric converters 134 and 135 
are amplified by the amplifiers 137 and 138, and the dif- 
ference of signals is obtained by the differential amplifier 40 
139. This signal is given by V in Fig. 13. When an out- 
put signal of the differential amplifier 139 is checked by 
synchronous detection at a clock 1 from the oscillator 
142, a negative voltage (shown by y in Fig. 13) to a 
bias voltage is obtained. When checked by synchro- 45 
nous detection at a clock 2, a positive voltage (shown by 
"k" in Fig. 13) to a bias voltage is obtained. By taking a 
difference of signals (j - k) obtained by synchronous 
detection, a negative voltage (shown by T in Fig. 13) to 
a bias voltage is obtained in the output of the differential 50 
amplifier 141. 

As shown in Fig. 14 (A), in case the first object 
reflector 2 is scanned by the polarized irradiation light 
beam, an output signal of the differential amplifier 141 of 
the reflection light detection circuit 136 has asymmetri- ss 
cal waveform as shown in Fig. 14 (B). In case a positive 
signal appears in the output of the differential amplifier 
141 and falling of a negative signal occurs within a pre- 
determined time from standing of the positive signal, it is 


identified as the first object reflector 2. 

As shown in Fig. 15 (A), in case the polarized irradi- 
ation light beam scans the second object reflector 3, an 
output signal of the differential amplifier 141 of the 
reflection light detection circuit 136 takes a waveform 
having different positive and negative time amplitudes 
corresponding to the passing position of the light beam 
as shown in Fig. 15 (B). In case a negative signal 
appears in the output of the deferential, amplifier 141 
and standing of the positive signal occurs within a pre- 
determined time from the falling of the negative signal, it 
is identified as the second object reflector 3. 

When the first object reflector 2 or the second 
object reflector 3 is identified, the control unit 118 con- 
trols and drives the scanning motor 15 via the motor 
driving unit 1 20. After reciprocal scanning of the pentag- 
onal prism 114, reciprocal scanning on and around the 
first object reflector 2 or the second object reflector 3 is 
performed by the polarized irradiation light beam irradi- 
ated by the rotary irradiation system main unit 1 , 

When a scanning direction of the polarized irradia- 
tion light beam is reversed, the order of positive and 
negative signs of the output signal of the differential 
amplifier 141 of the reflection light detection circuit 136 
is reversed. Therefore, a rotating direction of the polar- 
ized irradiation light beam with respect to the rotary irra- 
diation system main unit 1 and the direction to scan the 
first object reflector 2 or the second object reflector 3 
should be fixed. 

Next, description will be given on scanning opera- 
tion of the polarized irradiation light beam of the present 
embodiment, referring to Fig. 1 , Fig. 16 and Fig. 1 7. 

The rotary irradiation system main unit 1 is installed 
by aligning a point vertically below the laser rotation axis 
of the rotary irradiating system main unit 1 with a first 
reference point O on a setting-out line 4. The second 
object reflector 3 is placed by aligning a reference posi- 
tion of the second object reflector 3 with a second refer- 
ence point O' on the setting-out line far from the main 
unit. Reference position of the second object reflector is 
indicated by an installation mark 149. The system is 
started, and the polarized irradiation light beam is 
rotated at a constant rate for all-round or total circumfer- 
ential scanning in an alignment mode. When the second 
object reflector 3 is detected, the time t1 and the time t2 
are timed. The time t1 is the time when signal of the dif- 
ferential amplifier 141 of the reflection light detection cir- 
cuit 136 is a negative signal, and the time t2 is the time 
when it is a positive 'signal. The ratio x(a) = t1/t2 is 
obtained. A scanning direction of the polarized irradia- 
tion light beam is reversed, and the value of x (a) is 
obtained in similar manner. Further, the polarized irradi- 
ation light beam is irradiated for reciprocal scanning, 
and the value of x (a) is measured repeatedly by 10 
times. The measured values of x (a) are averaged, and 
an irradiation position signal X is obtained. If the irradia- 
tion position signal X is 0.9 or less, a display on the left 
portion of the display unit 121 is driven, and it is indi- 
cated that the left portion from the reference position of 


11 


21 


EP 0 806 630 A1 


22 


the second object reflector 3 is scanned by the polar- 
ized irradiation light beam. If the irradiation position sig- 
nal X is 1 .1 or more, a display on the right portion of the 
display unit 121 is driven, and it is indicated that the 
right portion from the reference position of the second 5 
object reflector 3 is scanned by the polarized irradiation 
light beam. If the irradiation position signal X is more 
than 0.9 and less than 1.1, a central display of the dis- 
play unit 121 is driven, and it is indicated that the refer- 
ence position of the second object reflector 3 is scanned w 
by the polarized irradiation light beam. By moving the 
rotary irradiating system main unit 1 according to the 
display of the display unit 121, the reference plane 
formed by the polarized irradiation light beam can be 
aligned with the setting-out line. 15 

To judge whether the position scanned by the polar- 
ized irradiation light beam on the second object reflector 
3 is on the right side or on the left side with respect to 
the reference position, judgment is made under the 
installing conditions of the rotary irradiation system 20 
main unit 1 and the second object reflector 3 shown in 
Fig. 1. Regarding the first reference point O and the 
second reference point 0' shown in Fig. 1 , in case the 
second reference point O' is at symmetrical position to 
the first reference point O, judgment on the scanning 25 
position with respect to the reference position is reverse 
to the judgment of the above method, and it is neces- 
sary to judge positional relationship between the first 
reference point 0 and the second reference point 0' by 
the encoder 129. The second object reflector 3 is kept 30 
installed in subsequent operation. 

The reference plane formed by the polarized irradi- 
ation light beam is aligned with the setting-out line 4 in 
the alignment mode. Next, using the first object reflector 
2 in the scanning mode, the polarized irradiation light 35 
beam is irradiated to reciprocally scan the first object 
reflector 2, and the setting-out operation is performed to 
mark the line on a wall surface and the like. 

In the scanning mode, the polarized irradiation light 
beam is rotated at a constant rate for all-round scan- 40 
ning, and the first object reflector 2 is detected. The light 
beam is irradiated to the first object reflector 2 for recip- 
rocal scanning, and when the first object reflector 2 is no 
more detected or when the polarized irradiation light 
beam is rotated at a constant rate for all-round scanning 45 
and the first object reflector 2 is not detected for a pre- 
determined period of time, the scanning position is 
measured again. 

In the re-measurement of the scanning position, the 
polarized irradiation light beam is rotated at a constant so 
rate for alt-round scanning, and the second object 
reflector 3 is detected. In case the second object reflec- 
tor 3 cannot be detected, the re-measurement of the 
scanning position cannot be performed. It is warned and 
displayed that positional relationship between the rotary 55 
irradiation system main unit 1 and the second object 
reflector 3 is deviated. The scanning of the polarized 
irradiation light beam is stopped, and the setting-out 
operation is stopped. When the polarized irradiation 


light beam is rotated at a constant rate for all-round 
scanning and the second object reflector 3 is detected, 
the time t1 when the signal of the differential amplifier 
141 of the reflection light detection circuit 136 is a neg- 
ative signal and the time t2 when it is a positive signal 
are measured, and the ratio y (a) = tl/t2 is obtained. By 
reversing the scanning direction of the polarized irradia 1 
tion light beam, the value of y (a) is obtained in similar 
manner. Further, the polarized irradiation light beam is 
irradiated for reciprocal scanning, and the value of y (a) 
is repeatedly measured by 10 times. The measured val- 
ues of y (a) are averaged, and the irradiation position 
signal Y is obtained. 

If the irradiation position signal Y is more than 0.9 
and less than 1.1, rt is judged that the positional relation- 
ship between the rotary irradiating system main unit 1 
and the second object reflector 3 is not deviated. It is 
turned to the scanning mode. The polarized irradiation 
light beam is rotated at a constant rate for all-round 
scanning, and the first object reflector 2 is detected, and 
the next setting-out operation is started. If the irradiation 
position signal Y is 0.9 or less or 1 .1 or more, it is judged 
that the positional relationship between the rotary irradi- 
ation system main unit 1 and the second object reflector 
3 is deviated, and it is warned and displayed that posi- 
tional relationship of the second object reflector 3 is 
deviated. The scanning of the polarized irradiation light 
beam is stopped, and the setting-out operation is 
stopped. 

In the present embodiment, widths of the reflection 
sector and the polarization converting reflection sector 
are changed in a proportional relationship and the 
center of the second object reflector is regarded as the 
reference position to facilitate the detection of the irradi- 
ation position, while the method to judge the irradiation 
position signal is not limited to this. 

In case the irradiation position signal is measured 
from the time when each of the polarized reflection light 
beams reflected from the second object reflector 3 is 
obtained, the speed of scanning on the second object 
reflector 3 by the polarized irradiation light beam must 
be maintained approximately at the constant level. 

In the present embodiment, the irradiation position 
signal is measured from the time when the. polarized 
reflection light beam is obtained, while an angle, at 
which each of the polarized reflection light beams 
reflected from the second object reflector 3 is obtained, 
may be detected by the encoder mounted coaxial ly with 
the rotation shaft of the pentagonal prism of the rotating 
unit, and the irradiation position signal may be obtained 
from its relation. 

Next, description will be given on another example 
of the second object reflector 3 referring to Figs. 18, 19 
(A) and 19(B). 

On this example of the second object reflector 3, a 
A/4 birefringence member 145a in form of an oblong 
tablet is provided along the left edge. A A/4 birefrin- 
gence member 145b in form of an inverted triangle is 
arranged opposite to the above A/4 birefringence mem- 
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ber 145a with a reflection layer 144b of an erected trian- 
gle between them, and a reflection layer 1 14a in form of 
an oblong tablet is provided along the right edge. When 
this second object reflector 3 is scanned by laser beam, 
an output signal from the differential amplifier 141 is as 
shown in Fig. 19 (B), and signal waveform is asymmet- 
rical. Therefore, even when the center of the second 
object reflector 3 is scanned by the laser beam, unlike 
the case of the second object reflector 3, the output sig- 
nal from the differential amplifier 1 41 is not symmetrical, 
and output waveform is different from that of the first 
object reflector 2. Accordingly, the first object reflector 2 
can be discriminated from the second object reflector 3 
by the output of the differential amplifier 141, and the 
scanning direction of the laser beam can be identified 
only by the output signal from the differential amplifier 
141. 

Normally, when the laser beam reflected from the 
object reflector is received, a light receiving signal does 
not rise up as soon as the light beam is received, and it 
rises up with an inclination associated with some ambi- 
guity in the same manner as in the case where the 
center of spot light of the reflection laser beam is bright. 
In the second object reflector 3 shown in Fig. 18, the 
reflection sectors 144a and 145a each in form of an 
oblong tablet are formed on two ends of the reflection 
sectors 144b and 145b each in form of a triangle 
respectively. As a result, the switch-over point of the 
tight receiving signal can be easily identified, and the 
center position can be detected at high accuracy. 
Because the up-down direction can be judged from the 
object reflector itself, when the rotary irradiating system 
main unit 1 is installed on the floor or the like, the light 
beam can be easily distinguished from the reflection 
light reflected by the floor surface. 

The A/4 birefringence member 145b in form of an 
inverted triangle, by which the center position of the 
second object reflector 3 can be judged, may be 
designed in V-shaped or cone-shaped form with 
extreme value at the center. Its shape is not limited to 
the above, and any shape may be adopted so far as 
there is change in width in up-down positions and the 
center position can be detected by width change. 

Description will be given now on another example 
of the first object reflector 2 referring to Figs. 20, 21 (A), 
and 21 (B). In this example of the first object reflector 2, 
reflection layers 144a and 144b each in form of an 
oblong tablet are provided at the left and right of the 
base plate 143 respectively so that the central portion of 
the base plate 1 43 is exposed in form of an oblong tab- 
let. Also, on the right half of each of the reflection layers 
144a and 144b, A/4 birefringence members 145a and 
1 45b are provided respectively. As a result, two sets of 
combined reflection sectors, comprising a combination 
of a polarization maintaining reflection sector and a 
polarization converting reflection sector, are prepared. 
The reflection layers 144a and 144b maybe provided in 
such manner that not only the central portion of the 
base plate 143- but also peripheral portions are 


exposed. Also, there may be three sets or more of the 
combined reflection sectors. 

When the first object reflector 2 with the above 
arrangement is scanned by laser beam as shown in Fig. 

5 21 (A), an output signal from the differential amplifier 
141 is as shown in Fig. 21 (B). Thus, two signals are 
obtained, which are clearly divided by the non-reflection 
sector and have positive and negative signals turned 
reversely. By detecting the signal at the reversal of pos- 

70 itive - negative, ambiguity of rise-up of the signal can be 
eliminated, and it is accurately and reliably confirmed 
that it is the reflection light beam from the object reflec- 
tor. Further, the time difference t3 of the two positive- 
negative reversing signals is specific to the first object 

15 reflectory. Thus, by detecting the time difference t3, it is 
possible to accurately confirm that it is the first object 
reflector 2. Even when there is a reflection light from 
laminated glass, no erroneous operation occurs. 

When the time t3 of the output signal (See Fig. 21 

20 (B)) from the differential amplifier 141 is measured in 
case the laser beam scans the first object reflector 2 
shown in Fig. 20, a distance between the rotary irradiat- 
ing system main unit 1 and the first object reflector 2 can 
be calculated because the scanning speed and the 

25 spacing of borders between the polarization maintaining 
reflection sector and the polarization converting reflec- 
tion sector of the first object reflector 2 are already 
known. Similarly, when the time values of output signals 
t1 and t2 (See Fig. 19 (B)) from the differential amplifier 

30 are measured in case the laser beam scans the second 
object reflector 3 shown in Fig. 18, a distance between 
the rotary irradiating system main unit 1 and the second 
object reflector 3 can be calculated from the sum of 
these two values. Also, the laser beam can be focused 

35 on the object reflectors 2 and 3 based on the calculated 
distance. 

The above method to calculate the distance is 
based on time measurement. However, when an angle 
of rotation of the laser beam in the time value of t3 of 

40 Fig. 21 (B) for the first object reflector 2 and an angle of 
rotation of the laser beam in the time values of tl and t2 
of Fig. 19 (B) for the second object reflector 3 are meas- 
ured by the encoder 129, the distance between the 
rotary irradiating system main unit 1 and the object 

45 reflectors 2 or 3 can be calculated because dimensions 
of the object reflectors 2 and 3 are already known. Fur- 
ther, the irradiated laser beam can be focused on the 
object reflectors 2 or 3 based on the calculated dis- 
tance. 

so In the above embodiment, a A/4 birefringence 
member is used for each of the first object reflector 2 
and the second object reflector 3. By adequately modi- 
fying the first object reflector 2 and the second object 
reflector 3, the irradiation position can be confirmed 

55 without using the A/4 birefringence member. Referring 
to Fig. 22, description will be given below on optical and 
electrical arrangements of the rotary irradiating system 
main unit 1 of the laser rotary irradiating system using 
the first object reflector 2 and the second object reflector 
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3, which adopt no A/4 birefringence member. 

In the present embodiment, it is not necessary that 
the laser beam irradiated from the light emitter 115 is 
circularly polarized light, and there is no need to detect 
components of the laser beam entering the rotary irradi- s 
ating system main unit 1 with respect to the direction of 
polarization. Accordingly, from the embodiment shown 
in Fig. 9, the following components may be omitted: the 
first A/4 birefringence member 127, the second A/4 bire- 
fringence member 131, the polarization beam splitter w 
133, and the second photoelectric converter 135. 
Description will be given now on the first object reflector 
2 used in the above embodiment referring to Figs. 23, 

24 (A), and 24 (B), and on the second object reflector 3 
referring to Figs. 25, 26 (A) and 26 (B). is 

The first object reflector 2 has reflection layers 144 
each in form of an oblong tablet on the two lateral edges 
of the base plate 143. The second object reflector 3 has 
reflection layers 144 each in form of an oblong tablet 
arranged on two lateral edges and along a diagonal line 20 
of the base plate 143 so that the reflection layers are 
arranged in N-shaped form. When the first object reflec- 
tor 2 of Fig. 23 is scanned by the laser beam, the reflec- 
tion laser beam reflected by the reflection layers 144 is 
irradiated via the pentagonal prism 1 1 4 and is deflected 25 
by the perforated mirror 128. Then, it enters the first 
photoelectric converter 134 via the condenser lens 130. 
In the output from the first photoelectric converter 134, 
two pulse- like signals are obtained as shown in Fig. 24 
(B). Further, in case the second object reflector 3 of Fig. .30 

25 is scanned by the laser beam, three pulse-like sig- 
nals (m, n, o) are obtained as shown in Fig. 26 (B) in the 
output from the first photoelectric converter 134. 

By calculating weighted center, i.e. the center of 
two pulses, of the signal obtained from the first object 35 
reflector 2 by the reflection light detection circuit 136, it 
is possible to detect the center relating to the scanning 
direction of the first object reflector 2. Further, of the out- 
put from the second object reflector 3, the pulse-like sig- 
nal "n" is moved as the position of the scanning direction 40 
is moved in a direction perpendicular to the scanning 
direction. If it is deviated from the center of the second 
object reflector 3, the width obtained from a signal m-n 
is different from the width obtained from a signal n-o. 
When width of the signal m-n is equal to the width of the 45 
signal n-o, it is the center of the second object reflector 
3. Therefore, by detecting that the central pulse-like sig- 
nal "n" is positioned at the center between "m" and "0", 
it is detected .that the scanning position of the laser 
beam is at the center, i.e. at the reference position, of so 
the second object reflector 3. Because pattern of the 
output signal from the first photoelectric converter 134 is 
different between the first object reflector 2 and the sec- 
ond object reflector 3, it is possible to distinguish the 
first object reflector 2 from the second object reflector 3 ss 
in the reflection light detection circuit 136. 

In the second object reflector 3 shown in Fig. 27, a 
non-reflection zone 151 is formed along the diagonal 
line. When the second object reflector 3 is scanned by 


the laser beam, two pulse-like signals are obtained as 
shown in Fig. 28 (B), and the two putse-like signals have 
different widths depending upon the scanning position 
of the laser beam. When the widths of the two pulse-like 
signals are equal to each other, the laser beam scans 
the center of the second object reflector 3. By compar- 
ing the two pulse widths in the reflection light detection 
circuit 136, it is possible to detect the center, i.e. the ref- 
erence position, of the second object reflector 3. Fur- 
ther, widths of two pulse-like signals from the first 
photoelectric converter 134 are different between the 
first object reflector 2 and the second object reflector 3. 
Accordingly, it is possible to identify the first object 
reflector 2 and the second object reflector 3 in the 
reflection light detection circuit 136. 

Even in case the first object reflector 2 and the sec- 
ond object reflector 3 using no A/4 birefringence mem- 
ber are used, the arrangement of the rotary irradiating 
system main unit 1 shown in Fig. 9 may be adopted. 
Specifically, modification may be made on a circuit or on 
a signal processing in such manner that the polarized 
reflection light beam returning to the main unit with the 
same direction of polarization as that of the polarized 
irradiation light beam emitted from the light emitter 115 
enters the second photoelectric converter 135 and 
detects only the signal obtained. From the signal pattern 
obtained from the second photoelectric converter 135, 
the center of the first object reflector 2 or the second 
object reflector 3 is detected, or the first object reflector 
2 is distinguished from the second object reflector 3. 

Further, the A/4 birefringence member may be pro- 
vided on all of the reflection surfaces of the first object 
reflector 2 and the second object reflector 3 shown in 
Figs. 23 to 28. Referring to Fig. 29, description will be 
given on an optica) arrangement and an electrical 
arrangement of the rotary irradiating system main unit 1 
of the laser rotary irradiating system using the first 
object reflector 2 and the second object reflector 3, 
which have the A/4 birefringence members on all of the 
reflection surfaces. 

In this embodiment, the laser beam irradiated from 
the light emitter 1 15 is a circularly polarized light, and a 
polarizing member 124 is additionally provided between 
the A/4 birefringence member 131 and the pinhole 132 
on the optical axis from the perforated mirror 128 to the 
first photoelectric converter 134 in the arrangement 
shown in Fig. 9. 

The linearly polarized laser beam emitted from the 
laser diode 125 passes through the collimator lens 126. 
After being colli mated, the laser beam passes through 
the A/4 birefringence member 127 and is turned to a cir- 
cularly polarized light It is irradiated from the rotary irra- 
diating system main unit 1 as a circularly polarized light. 
Being reflected by the first object reflector 2 and the 
second object reflector 3, the laser beam passes 
through the A/4 birefringence member. The reflection 
laser beam, with its rotating direction of the circularly 
polarized light changed, enters the rotary irradiating 
system main unit 1 and further enters the reflection light 
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detection unit 1 1 7. 

The reflection laser beam is converted to a linearly 
polarized light deviated by 180° from the light source by 
the A/4 birefringence member 131. Also, the polarizing 
member 124 is designed in such manner that only the 
linearly polarized light deviated by 180° from the laser, 
beam emitted from the light source is allowed to pass. 
Thus, a mere reflection fight, i.e. a polarized light having 
the same direction as that of the light source, is not 
allowed to pass. When received at the first photoelectric 
converter 134, the subsequent operation is the same as 
in the system shown in Fig. 22, which does not use the 
A/4 birefringence member. In this embodiment, an 
external disturbance light other than a circularly polar- 
ized light or an external disturbance light having a differ- 
ent direction of polarization is excluded, and this 
contributes to improvement of detection accuracy. 

Regardless of whether the A/4 birefringence mem- 
ber is present or not on the reflection surfaces of the first 
object reflector 2 and the second object reflector 3 as 
shown in Figs. 23 to 28, the distance can be calculated 
from the relation with the scanning speed by measuring 
the time of the laser beam to go across when scanning 
the object reflectors 2 and 3 from the output signal of the 
first photoelectric converter 134. The irradiated laser 
beam can be focused on the' object reflectors 2 or 3 
based on the calculated distance. Further, in addition to 
the method based on the time measurement as 
described above, an angle between the ends of the first 
object reflector 2 or the second object reflector 3 can be 
obtained from the output signal of the first photoelectric 
converter 134 and the output of the encoder 129 when 
the object reflectors 2 and 3 are scanned. Because 
dimensions of the first object reflector 2 and the second 
object reflector 3 are already known, it is possible to cal- 
culate the distance between the rotary irradiating sys- 
tem main unit 1 and the object reflectors 2 or 3. Based 
on the calculated distance, the irradiated laser beam 
can be focused on the object reflectors 2 and 3. 

It is needless to say that the present invention can 
be carried out in case the first object reflector 2 is iden- 
tical with the second object reflector 3, e.g. in case there 
is only one object reflector. In this case, the position is 
detected by the initial operation, and the position of the 
main unit is determined. When it is determined, it is 
advanced to the next operation, and scanning is per- 
formed on the object reflector. When the object reflector 
is moved, it is followed while scanning. If the object 
reflector is moved beyond the scanning range, rotary 
scanning is performed. When it is detected, scanning is 
performed again. Naturally, different modes should be 
used when there are two reflectors or only one reflector, 
and the mode should be switched over. 

INDUSTRIAL APPLICABILITY 

As described above, it is possible according to the 
present invention to confirm the position of the formed 
reference plane and to improve reliability of the refer- 


ence plane whenever setting-out operation is performed 
using a laser rotary irradiating system, or by adequately 
measuring the scanning position of laser beam on the 
second object reflector. 

5 

Claims 

1. A laser rotary irradiating system, comprising a 
rotary irradiating system main unit and object 

10 reflectors including at least a first object reflector 
and a second object reflector, said rotary irradiating 
system main unit comprises a rotating unit for rotat- 
ing and irradiating an irradiation light beam toward 
the object reflectors, detecting means for detecting 

is a reflection light beam reflected from the object 
reflectors and entering to the rotary irradiating sys- 
tem main unit via said rotating unit, and a reflection 
light detection circuit for identifying the object 
reflectors from an output of said detecting means, 

20 wherein position and range of scanning by the laser 
beam are determined based on the results of said 
detection, and each of the reflection surfaces of 
said object reflectors is divided into at least two por- 
tions. 

25 

2. A laser rotary irradiating system, comprising a 
rotary irradiating system main unit and object 
reflectors including at least a first object reflector 
and a second object reflector, said rotary irradiating 

30 system main unit comprises a rotating unit for rotat- 
ing and irradiating a polarized irradiation light beam 
toward the object reflectors, first detecting means 
for detecting a polarized reflection light beam from 
the object reflectors and entering the rotary irradiat- 

35 ing system main unit via said rotating unit, second 
detecting means for detecting a polarized light 
beam different from said polarized reflection light 
beam from the object reflectors, and a reflection 
light detection circuit for identifying the object 

40 reflectors by comparing of an output of the first 
detecting means with an output of the second 
detecting means, wherein a position and a range of 
scanning by the laser beam are determined based 
on the results of said detection, each of reflection 

45 surfaces of said object reflectors is divided into at 
least two sectors, at least one thereof is a polariza- 
tion maintaining reflection sector to reflect as a 
polarized reflection light beam, which maintains 
direction of polarization as that of the polarized irra- 

50 diation light beam, and at least other one thereof is 
a polarization converting reflection sector to reflect 
as a polarized reflection light beam, which converts 
direction of polarization from that of the polarized 
irradiation light beam. 

55 

3. A laser rotary irradiating system according to 
Claims 1 or 2, wherein a dividing mode of reflection 
surfaces is different between said first object reflec- 
tor and said second object reflector. 
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4. A laser rotary irradiating system according to one of 
Claims 1 to 3, wherein the irradiation light beam 
irradiated from said rotating unit is a circularly polar- 
ized light. 

5. A laser rotary irradiating system according to 
Claims 1 or 3, wherein each of said first object 
reflector and said second object reflector has two or 
more reflection sectors divided, the reflection sec- 
tors of said first object reflector are arranged at 
symmetrical positions, and shape of the reflection 
sectors of said second object reflector are gradually 
changed. 

6. A laser rotary irradiating system according to one of 
Claims 1, 2 or 3, wherein all of the reflection sur- 
faces of the object reflector are retroref lection sur- 
faces. 

7. A laser rotary irradiating system according to one of 
Claims 1, 2 or 3, wherein all of the reflection sur- 
faces of the object reflector are A74 birefringence 
reflection surfaces. 

8. A laser rotary irradiating system according to Claim 
3, wherein said first object reflector is divided in 
such manner that there is no change in width of the 
.polarization maintaining reflection sector and the 
polarization converting reflection sector, and the 
second object reflector is divided in such manner 
that one of width of the polarization maintaining 
reflection sector or the polarization converting 
reflection sector is gradually decreased, and the 
other of width is gradually increased. 

9. A laser rotary irradiating system according to 
Claims 2 or 3, wherein said first object reflector is 
divided in such manner that there is no change in 
width of the polarization maintaining reflection sec- 
tor and the polarization converting reflection sector, 
and said second object reflector is divided in such 
manner that shapes of the polarization maintaining 
reflection sector and the polarization converting 
reflection sector are symmetrical. 

10. A laser rotary irradiating system according to 
Claims 2 or 3, wherein said first object reflector is 
divided in such manner that there is no change in 
width of the polarization maintaining reflection sec- 
tor and the polarization converting reflection sector, 
and the second object reflector is divided in such 
manner that there is change in width of at least one 
of the reflection sector or the polarization convert- 
ing reflection sector, and said second object reflec- 
tor is designed in such shape that there is an 
extreme value in width change. 

11. A laser rotary irradiating system according to 
Claims 8 to 10, wherein said first object reflector is 


provided with a plurality of combined reflection sec- 
tors, comprising a polarization maintaining reflec- 
tion sector and a polarization converting reflection 
sector, and the combined reflection sectors are 
s separated from each other. 

1 2. A laser rotary irradiating system according to one of 
Claims 8 to 1 1 , wherein the reflection light detection 
circuit detects widths of the reflection sector and the 

10 polarization converting reflection sector depending 
upon light receiving time to receive the polarized 
reflection light beam. 

13. A laser rotary irradiating system according to 
is Claims 1 or 2, wherein the reflection light detection 

circuit calculates time interval of two signals 
obtained by scanning the object ref lector, and a dis- 
tance between the rotary irradiating system main 
unit and the object reflector is calculated based on 
20 said time interval and on dimensions already known 
of the object reflector corresponding to said two sig- 
nals. 

14. A laser rotary irradiating system according to one of 
25 Claims 2 and 8 to 11, wherein an encoder for 

detecting an angle of rotation of the rotating unit is 
provided, and the reflection light detection circuit 
detects widths of the reflection sector and the polar- 
ization converting reflection sector from the angle, 
30 at which each polarized reflection light beam is 
obtained, based on signals from said encoder and 
on signals from said first detecting means and said 
second detecting means. 

35 15. A laser rotary irradiating system according to 
Claims 1 or 2, wherein there is provided an encoder 
for detecting an angle of rotation of the rotating unit, 
the reflection light detection circuit obtains an angle 
of rotation between two signals by said encoder 
40 based on the two signals obtained by scanning the 
object reflector, and a distance between the rotary 
irradiating system main unit and the object reflector 
is calculated based on said angle of rotation and 
dimensions already known of the object reflector 
45 corresponding to said two signals. 

16. A laser rotary irradiating system according to 
Claims 1 or 3, wherein said first object reflector is 
divided in such manner that there is no change in 
so widths of the reflection sector and the non-reflection 
sector, and the second object reflector is divided in 
such manner that the shapes of the reflection sec- 
tor and the non-reflection sector are symmetrical. 

55 17. A laser rotary irradiating system according to 
Claims 1 or 3, wherein said first object reflector is 
divided in such manner that there is no change in 
widths of the reflection sector and the non-reflection 
sector, and the second object reflector is divided in 
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such manner that there is change in width of at 
least one of the reflection sector and the non-reflec- 
tion sector and at least one of said sectors has a 
shape that there is an extreme value in width 
" change. 5 

18. A laser rotary irradiating system according to 
Claims 1 to 1 7, wherein the reflection tight detection 
circuit identifies the first object reflector and the 
second object reflector, reciprocal scanning is per- 10 
formed on and around the first object reflector and 
scanning position of the laser beam is detected 
from condition of change of the reflection laser 
beam from the second object reflector. 

15 

19. A laser rotary irradiating system according to 
Claims 1 to 3, wherein a laser beam irradiating opti- 
cal system of said rotary irradiating system main 
unit has focusing means. 

20 

20. A laser rotary irradiating system according to 
Claims 13 or 15, wherein the laser beam irradiating 
optical system of said rotary irradiating system 
main unit has focusing means, and the irradiation 
light beam is focused on the object reflector based 25 
on said calculated distance to the object reflector. 
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